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Abstract 
Liaoning Province is insufficient in water resources, and with the gradually increasing process of the urbanization, 
the degree of water resources insufficiency is exacerbating by degrees. This paper obtains the specialty of short 
duration storm through analyzing the years of rain data and the seriously harmful storm with picking up Shenyang as 
the researching object, and finally gets frequency curve of short duration rain by using DPS. Taking the campus of 
Shenyang Agricultural University as an example, the paper calculates the availability according to the different types 
of terrains, and proposes the using plan of rain, then calculates the amount of rain. The study shows that rain 
reclamation can effectively remit the conflict of water in Shenyang and create a better environment. 
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1. Main text 
Water is the source of life and the irrep laceable resource of social development. With the constantly 
development of national economy, especially the booms of industrializat ion and urbanizat ion, the 
resource of water, which human beings are living by, is challenged unprecedentedly. The second human 
settlements congress of UN proposes that water should be the most intense issue arguing among the 21st 
C international society [1]. China is insufficient in water resources, and according to the data, Chinese per 
capita water is only 2220 m3 which is only 1/4 of the world per capita level. There are almost 400 cities 
lacking of water or lacking seriously, which are lacking of 1600h104m3/d, especially recently there are 
continuous droughts in the northern part of China, the deficiency in water in many cities, the serious 
pollution of surface water in  the southern part of China, the excessive exploitation o f underground water, 
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therefore, the issue of water saving can not be despised and the short of water resources has been a 
significant factor hindering the development of  Chinese economy.  
According to the prediction, the short of water in China will climb to the climax in the middle of 21st C.  
Most people focus on the recycle effluent instead of the rain water resource which is another significant 
part of water resources ignored by most people. The rain water resource is not only an effective method 
but also plays an important role in the improvement of environment and the control of water pollution.[2] 
The number of large high-rise buildings and the population, the density of buildings are increasing and 
the enlarging population and the increasing development of urbanization lead to a serious problem: the 
increasing impermeable acreage of the earth’s surface, which causes the aggrandizement of runoff 
coefficient, the rapidity of downpour confluence, the multiplied aggrandizement of runoff with the great 
wastage of the every-year rain water resources in cities and the heavy burden of urban pipe network. 
Meanwhile, China is abundant in rain  water resources and the annual precipitation is high  to 6.2×1012m3 
so an increasing number of people concentrate on how to utilize the ample rain water resources to remit 
the day-by-day expansive insufficiency in water, especially the water famine in northern cities [3].  
2. The influence of water resources on the development of urbanization 
Urbanization causes the change of urban climate so that it affects on the urban rain greatly. Urban 
buildings can produce considerable influence on air movement. Generally speaking, strong winds in 
downtown decrease and breeze can be enhanced. So compared with the subu rbs, it is rarely windy in 
cities. While nuclei of condensation, thermal turbulence and mechanical turbulence in  the midair of cities 
can affect on the local cloud and precipitation[5]. 
Urbanization process made a considerable portion of river basin for impervious surface covered, 
reduced the storage lowlands. Compared with the natural under pad, the surface roughness rate of the 
indurative artificial under pad (the top of build ings or the surface of the earth) were much smaller[6]. Since 
the surface impervious infilt ration amount was almost zero, the surface runoff increased, and lots of 
natural infiltrat ion ground became impermeable hard  ground surface after urbanization, meanwhile, the 
high coefficient of imperv ious surface runoff made rainwater confluence speed increased, which  led to 
the time of confluence shortened, the coefficient of urban rainwater runoff increased, the time of 
rainwater rendezvous and discharge decreased, and the peak flow magnified [7].  
3. Analyses of rainfall in Shenyang  
3.1. Analyses of rainfall 
This paper calculates the annual rainfall from 1971 to 2003 in Shenyang, and the result is that the 
average annual rainfall value is 609.6mm, and the maximum value is 921mm which is the data of 1986, 
while the minimum value is 390.3mm which is the data of 2000 and is 5/12 of the maximum. This paper 
classifies the rain into sprinkle, moderate rain, heavy rain, rainstorm, downpour, extraordinary rainstorm 
( as shown in Fig. 1a) . 
This paper calculates the monthly average rainfall value about 33 years  from 1971 to 2003 in 
Shenyang and draws Fig.1b. Fig.1b shows that the top 2 monthly  average rainfall values are from July  to 
August, which respectively are 26.1% and 25.7%, and others are 6.2%, 8.0%, 15.1%, 11.6%, 7.3%. Thus 
the rainfall value from June to September takes 78.5% of the whole rainfall value, and it takes 51.8% and 
the rainfall value of July and August takes 51.8%. 
Through calculating the data of the last 33 years, this paper shows that the sprinkle moderate rain and 
heavy rain take even occupation from April to October, and the downpour, extraordinary rainstorm 
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always happen in July and September, which means that there is sufficient rainwater to collect from April 
to October and people should pay special attention to the possible floods in July and August. Therefore, 
we are ab le to get the obvious characteristics of rainfall in Shenyang, this period is the main  flood season 
of Shenyang so the rainfall is sufficient, and we should solve the problem by utilizing the excessive rain 
water resources. 
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Fig.1 (a) Classify rainfall and day proportional distribution of Shenyang from 1971 to 2003;(b) Monthly average rainfall data of 
Shenyang from 1971 to 2003 
                                                                           
3.2. The distribution features in rainstorm years of Shenyang 
According to the data of daily precipitation from 1971 to 2003 in Shenyang, this paper calculates the 
number of days of which the daily precipitation is more than 50mm, for instance, if the daily precipitation 
is more than 50mm in  continuous 2days or several days, we calculate one rainstorm. The result is that 
there are 99 rainstorms during the 33 years in Shenyang which means there are 3 t imes per year on 
average, and it happened 7 times in 1995, which is the most and there was no record of rain storm in 1976, 
1897 and 2000. The maximum daily precipitation is 215mm which happened on the 21st of August 1973.  
Fig.2 show the times of every annual rainstorm and the value of rainstorm is fluctuant and stochastic, 
and we obtain the change of annual rainstorm precipitation value and times. Thus we are able to say that 
the change of times of rainstorm suggests that the times of annual rainstorm is almost stable, and the 
annual precipitation is gradually decreasing according to the data. However, the times of annual rainstorm 
is increasing so the threaten of rainstorms to Shenyang is increasingly serious. 
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Fig.2 (a) Storm rainfall frequency of Shenyang in 1971~2003; (b) Storm rainfall of Shenyang from 1971 to 2003 
3.3. The P-ċ distribution of rainstorm in Shenyang 
According to the rainstorm data from 1971 to 2003, we drew the picture as fo llowing by utilizing P-ċ  
distribution to analyze, and then obtained the picture.  
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According to the figure, the theoretical value (the line) combines the observed value (the spots) 
excellent and the area average value of rainstorm is 94.24mm and the probability of the value which is 
145.90mm larger than 139mm is 11.97%. 
 
Fig.3 Storm rainfall statistic frequency curve figure of 1971~2003 
4. Case analysis of rainwater utilization 
This study takes Shenyang Agricultural University as example, which is consistent with Shenyang on 
the aspect of meteorology and hydrology. The university covers 22 thousand hm2 including many new 
buildings whose floor space is large such as a large-scale stadium, a gym, a library, some office build ings 
and etc.  
4.1. Production flow calculation 
The campus ground surface can be classified into the area of pervious to water, which includes grass, 
farmland, clay soil and so on[9], and the area of impermeable to water, which includes the roofs of 
buildings, the floor o f concrete, paving roads, paving park and so on. The rainfall, except the wastage, 
onto the urban earth normally fly along the ground, the roofs and the road ditches into the rain mouth 
discharge lines. According to the categories of earth surface in the campus of Shenyang Agricultural 
University, there are a great number o f impermeable areas, such as roofs, concrete roads, impermeable 
side pavements, and so on, and a number of pervious areas, such as seeded strips, pervious side 
pavements are shown in Tab. 1.  
Tab.1 Shenyang Agriculture University campus land use type distribution list       unit: m2 
Land type Building land Road Lawn Others Total 
Area 146374.7 112149.8 214149.8 483953.4 956627.7 
According to the road, roofing, green space area and the runoff coefficient, rainwater can be collected 
to calculate the amount of resources, based on the data of Shenyang in these years, and the average annual 
rainfall was calculated. What should be noted is that we should take into account more than the rain 
which will not form a s mall rainfall surface runoff, part icularly  non-rainy season, rain, and therefore 
consider a reduction factor of the season. In addition, the experimental study finds out that the early rain 
water is relatively poor at one t ime. COD and SS are part icularly  high, that is, it can be considered 
abandoned addition. Therefore, what should be considered is the initial abandoning flow coefficient. 
 
                                                     W = α ×β×Ψ×H×A                                                                                 (1) 
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w: the rainwater which can be collected  
α: seasonal reduction factor, which is 0.85  
β: the flow coefficient of the initial, which is 0.87   
H: mean annual rainfall, actually it is 609.6mm, but this paper take it as 600mm, that is , 0.6m 
A: convergence area 
The result of calculation of available rainfall from all the categories is shown as followed. 
Tab.2 Shenyang Agricultural University year-round rainfall collected    unit: m3 
The total rainfall 
throughout the year rainfall of Building roof rainfall of Roads rainfall of lawn rainfall of Annual 
573946.62 58451.8 44784.78 14252.74 117489.32 
4.2Analysis of water resource utilization 
Part of the water can be in instead of rainfall in Shenyang agricultural university, estimated as follows: 
(1) flushing water 
In this case, we take flushing water as 15 liters/person*d. In April 2006, the school has 1830 teachers 
and 23,440 students. Assuming the number of people who use flushing water is 15,000. The time of 
water using on campus is 300 days. Flushing water consumption in one year is: Wc=15000h0.015h
300=67500˄m3˅.  
(2) Greening water 
Green irrigation water is mainly used for adding the loss of evaporation and transpiration of public or 
residential green ground and water needed for growth of vegetation. We generally  conduct regular 
quantitative irrigation of green space in the non-rainy days, for the planning and construction of sunken 
green areas, no rain date may  be appropriate to reduce the green irrigation. Green ing water is taken by 
0.001m3/d. Because the quantity of rainfall from May to September is abundant in Shenyang city, the 
quantity of greening water is very low, and except the winter t ime, we take 4 months per year to calcu late 
the greening water, the demand per year is: Wl =214149.8h0.001h120=25697.976˄m3˅. 
(3) Path square spraying water 
Path square spraying water concludes the quantity of water for washing and cleaning roads and 
Squares and the spraying water in the dry seasons, the amount of water depends on the city size and the 
level of roads and squares . Path square spraying water is taken by 0.001m3/d. we take 4 months per year 
to calculate. the demand per year is: Wr =112149.8h0.001h120=13457.976˄m3˅. 
(4) Landscape water 
We generally consider that it is necessary to update the water one time a week or 10 days for the 
landscape and recreational water replenishment. Except flushing, greening, road watering, rainwater tank 
remain ing, the amount of rainwater can be co llected on campus each year is: Wj =117489.32-67500-
25697.976-13457.976=10833.368˄m3˅. 
From the analysis , we can see that the rainwater utilization project in Shenyang Agricultural 
University can satisfy a variety of water needs. 
5. Conclusion  
This paper systematically analyzed and did research on the rainfall data of Shenyang from 1971 to 
2003, and analyzed the characteristics of rainfall in Shenyang, at the same time, it analyzed the rain-type 
characteristics preliminary, especially  the times characteristics of harmfu l rainstorm, and we obtained the 
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time characteristics of rainfall in  Shenyang, then calculated and plotted the frequency curve. We put 
forward the relation theories and methods of water resources in the model, made use of rain water on the 
campus plan and carried out the calcu lation of the amount of rainwater based on the background instance 
of the campus of Shenyang Agricultural University. 
The process of urban rainwater utilization  involves many fields of knowledge (such as meteorological, 
hydrological, geotechnical, etc.) and cutting-edge science, and require a lot of rainfall and runoff  
measured data recorded observations, testing, financial and human resources, etc . This paper is only a part 
of this research and study, which makes a number of methods and draws some unique insights, some 
aspects are deserved for further study. 
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